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Comparison on prevalence and antimicrobial resistance of
Pseudomonas spp. isolated from bovine mastitis milk in
South Korea
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This study was aimed to investigate the prevalence and antimicrobial resistance of Pseudomonas spp.
isolated from bovine mastitis milk samples. A total of 50 (4.9%) Pseudomonas spp. was isolated from
1,023 samples, those collected between 2018 and 2021, derived from 110 dairy farms. The prevalence
of the identified species of Pseudomonas isolates was as follows; P. aeruginosa (70.0%), P. fluorescens
(14.0%), P, putida (10.0%), P. fragi (4.0%), and P. chlororaphis (2.0%). Most of somatic cell counts
in the quarter milk carrying Pseudomonas spp. were less than 3,000,000 cell/ml (90.0%). The iso-
lates of Pseudomonas spp. showed high susceptibility to cefepime (98.0%), ciprofloxacin (98.0%),
ceftazidime (96.0%), and colistin (96.0%). The rate of antibiotic resistance in the isolates was highest
to ceftiofur (92.0%), followed by the resistance rate to chloramphenicol (86.0%) and trimethoprim/
sulphamethoxazole (80.0%). In addition, there is a remarkable difference in antimicrobial resistance
pattern among Pseudomonas species. P, aeruginosa and P. putida showed a similar resistance pattern,
August 24, 2021 . . . .
whereas P, fluorescens showed exceptionally lower resistance to trimethoprim/sulphamethoxazole
September 3, 2021 . . .
and chloramphenicol than that of the other species. This study showed that prevalence of Pseudo-
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monas spp. other than P. aeruginosa were 30.0% in bovine mastitis milk, and the occurrence rate of
antibiotic resistance were similar or higher level, compared with the previous reports on the mastitis-
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24 S 4 WY 2o WAl ndE HoR o7 gty Q9 ARl O Z= Staphylococcus aureus,
Q1 HF BHe= Yo7l= Ao R Af FEAst| & A Streptococcus agalactiae 5°] ATt ¥HHo| S44 F44
A A, Am HE, e é]tgoﬂ gt A4 S71 AEY ARt Hi7ll 2 40] Fio] obd fAF Wf 24 Fofl EAshH
TE| o= Qs A AAZCR YsAidoA] E FAA &4 F9 QIO 2 Streptococcus uberis, coliform species,
< zd5tal JtH(Halasa 5, 2007; Cheng 5, 2020). Pseudomonas spp. 5°| Ei%5o] tHBogni 5, 2011;
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Cheng 5, 2020).

U H5de] MGkt rstol] mE w7 Wit AT
7 AEH 072 F7tetal YA 5 K 5ol oJsto] Ak
2ol dotalA & - 1E 4wl gt ol A&
Aoz A= tHlLee 5, 2007a; Nam 5, 2013). 8
YA ZE coliform FolAE E. coli, Enterobacter spp.,
Klebsiella spp. 5°], non-coliforms< Pseudomonas spp.,
Acinetobacter spp., Serratia spp. 5°] B A HLee 5.,
2007a; Nam 5, 2009). 15| A= Pseudomonas spp= &
Zo] B3 ¥ 5A 297 29l S 431 A4 245}
AW AEL F=2 P aeruginosa©l st Z072 HIE
2 T3 =S A5kl ohet Aol e
I AFAEC] ok A& ojFZo] o] wA7F HaL 3l
(Park &, 2014; Kawai &, 2017).

G AR AolA FAA Fol= 7P FH .
A A5 P2 AR o 9 ARFEE B Sl
S | o= 7] ol A YAl et 714 Q1 A
7 A ZYEFo| " a5ttH(Lee 5, 2007a; Gomese}
Henriques, 2016).
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Total s ejolA HES 29ttt A A
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mark)0. 2 EHS =7 a =
skt & AYoA= Xﬂ A Z(cells/mL)7}F 20978 o)A
QA BEHRE A9 49 7HsAdol w2 Ao= okl 91

National mastitis council (NMC, 2017)9] 7]&=°|
B AR FG AAF EelE AN 5, 2
= 10 pl& YA (Komed, Gyeonggi, Korea)ollAl 3
24~48A17F B #ijF7E F Pseudomonas spp.& ,]/Q,Q% g
2hg &2 Balsla] MALDI-TOF MS (BioMérieux, Marcy L

‘Btoile, France)E ©|-&5to] 533l tt.
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H&% Pseudomonas spp.& WA C&E Clinical Labora-
tory Standards Institute (CLSI M100, 2019)9] 7]&of wt
2 165 FAA7F L85 KRNVSF Sensititre Panel (Trek
Diagnostic Systems, Cleveland, OH, USA)< ©]-8s}o] o
AEj A Bl A o8 XA
centration, MIC)2} MICs,, MIC,& 753t = 71500
A ARG HI=7 2AY AREOlA S25HA AMEE= 165 3
AE o237 o] EFsFH tH(amoxicillin/clavulanic acid,

ampicillin, cefepime, cefoxitin, ceftazidime, ceftiofur,

A= (Minimum inhibitory con-

chloramphenicol, ciprofloxacin, colistin, gentamicin,
meropenem, nalidixic acid, streptomycin, sulfisoxazole,
tetracycline, trimethoprim/sulphamethoxazole). &
A AAFY quality control #5 &% Escherichia coli

ATCC 259225 AH&-s3ith

AMES AAF AT AAZS7F 2090 cells/mL ©]4F<]
11070 &749] 1,02371 B33 5 2070 23(18.2%)2] &85
oA Pseudomonas spp. 505(4.9%)7} E2] = A cHTable
1). AA 507 E&F oA P. aeruginosa’t 70.0% (n=35)
2 7M SAIBHR.C M, P. fluorescens 14.0% (n=7), P. putida
10.0% (n=5), P. fragi 4.0% (n=2), P. chlororaphis 2.0%
(n=1) ¢«2& 5= AHFig. 1).

Pseudomonas spp. ZELE E9l= 507 9] HA =
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Prevalence of Pseudomonas spp. isolated from bovine mastitis milk from 2018 to 2021

Year No. of farms No. of positive farms (%) No. of quarter milk samples* No. of'isolates (%)
2018 19 4 (21.1) 154 11 (7.1)
2019 26 2(7.7) 220 2(0.9)
2020 32 8 (25.0) 226 12 (5.3)
2021 33 6(18.2) 423 25(5.9)
Total 110 20 (18.2) 1,023 50 (4.9)

*Bacterial examination of the quarter milk samples with somatic cell count >2x10° cells/mL were conducted.

P. chlororaphis
2.0% (n=1)

P. fragi
4.0% n0=2)

P. putida
10.0% (n=5)

P. fluorescens
14.0% (n=7)

J P. aeruginosa
70.0% (n=35)

Distribution of Pseudomonas spp. (n=50) isolated from
bovine mastitis milk.

“(cells/mL) EZ2&2 20~50%, 50~100%, 100~300%9k,
300~500%t, 5009t ool Z+2F 40.0%, 20.0%, 30.0%, 4.0%,
0.0%%= ZAEItHTable 2). #&EE AN ZFS Hwet 2
I} Non-P. aeruginosa+ 25 30097} cells/mL v|gto =2
LERRL T

He= Pseudomonas spp.+= ceftiofur (92.0%), chlor-
amphenicol (86.0%), trimethoprim/sulphamethoxazole
(80.0%)° =2 WAHES, ampicillin, amoxicillin/clavu-
lanic acid, cefoxitin, sulfisoxazole®l] ¥2 MIC.,2} MICq,
S YER ALt o]of H15te] cefepime (2.0%), ciprofloxa-
cin (2.0%), ceftazidime (4.0%), colistin (4.0%), merope-
nem (6.0%), gentamicin (10.0%)°l+= ¥ WAHES Eth
(Table 3). #Z£98 FAYA WAE H|Wo|A= P. aeruginosa
¢} P. putidaZt SAFE FAS Bt} Trimethoprim/sul-
phamethoxazoled} chloramphenicol®] st WAAES P
aeruginosa®} P. putida®= 80.0~100%%Z B|W & &7 YeRt
YA P. fluorescens= ZF2F 14.3%9} 42.9%2 Aoz o
A Yeht A5 A0 B9 FERE AolE EAKHTable 4).
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Al &5 ©]49] antimicrobial subclassoll WA 7kA]&= ok
AW/ dwtS] YI%EE P. aeruginosa, P. putida, P. fluorescens
oA Z+ZF 97.1%, 80.0%, 28.6%% WeFH O™, P. fragi®t P.
chlororaphisol A& &2l=A] ttHTable 5). Ceftiofur-
chloramphenicol-trimethoprim/sulphamethoxazole
o] A WA FFol P. aeruginosa®t P. putida©lX Z+2-
85.7% (n=30), 60.0% (n=3)= SAISHAl Uetg o™ P. fluore-
scens= 6719] thoat 32 ko] E7ko] Zol7} Gt 7
o2 A,

2 AFoA o] i EE R AlEAIA Pseudo-
monas spp.d] E&& 4.9%E Ho] AE(6.5%) Ao
(9.0%)EE ¥oton, dAH(2.5%)E = =3t th(Saidi &,
2013: Banerjee 5, 2017: Suleiman 5, 2018). 3} Kang
5(2001)°] 1999ERE 200097FA] A4 0.3%, Lee
(2007a)°] 2001FE 2004974 A=A 2.3%, Kim
(2011)°] 2009 ZEolA 2.8%, Nam 5(2013)°] 2012
oA 2.0%% 2ARRE FU 9] A} Hote 2 AFolA oha
=2 EE&S YIS £ AFo4 Pseudomonas spp.
o] #+59¥ BX = P aeruginosa, P. fluorescens, P. putida,
P. fragi, P. chlororaphis 2.2 Z+Z} 70.0%, 14.0%, 10.0%,
4.0%, 2.0%= A= ol2gt A= AEof TR oM
ofzt &M% Pseudomonas e FH YAwol P.
aeruginosa®h= H 119} SARGE 232 YEY ith(Banerjee
5. 2017; Kawai 5, 2017; Suleiman &, 2018). SFA|%F =
oAl Nam 5(2013)°] P. aeruginosa®} P. fluorescens®] &
g]&o] TYFth= Hi%ts Aol Eint. ol2jt £E&9
Aol = Al AF A7), Hao] Al W d g ojde ¥
3l 5of 9Jgt Aoz AHZETHSmithet Hogan, 1993; Nam
5. 2009). T3 ] B B ARl 2 0] Wk}
HEo] Y st WAl Z21H O] A8l ofs) AFE I A

=oo ol
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Distribution of somatic cell counts involved with Pseudomonas spp. isolates (n=50) from bovine mastitis milk

) No. of Distribution of somatic cell count (x1,000 cells)
Species isol
1solates 200~500 500~1,000 1,000~3,000 3,000~5,000

P. aeruginosa 35 13 (37.1) 5(14.3) 12 (34.3) 2(5.7)
P. fluorescens 7 3(42.9) 1 (14.3) 3(42.9) 0 (0)
P. putida 5 2 (40.0) 3 (60.0) 0(0) 0 (0)
P, fiagi 2 2 (100) 0 (0) 0 (0) 0 (0)
P. chlororaphis 1 0 (0) 1 (100) 0 (0) 0(0)
Total 50 20 (40.0) 10 (20.0) 15 (30.0) 2 (4.0)

I USE AATS
83k 7|E 0 2A A

9] F7h= da FAW AT DT BAE itk Bog-
, 2011). & A4 Pseudomonas spp.7} £2|5 £5)
9] A= 20~505F cells/mLe] 40.0%%2™ L¥EAQl <l
A8 9] 71491 3009 cells/mL )4 10.0%E ZAFE|QTH
o]t A= oA Pseudomonas spp.& E% 18 &
gatoll oet A A= O] AA|ES7F 3008t cells/mL o]
0] 10.8%% A FARE F= HAtHLee &, 2007a). ETF
Pseudomonas spp.& 13 #4382 AP0l 5L FE &
dAFgolgte R E S¢St (Banerjee 5, 2017: Schauer
5, 2021).

E AFoA AARSE 165 FAA 5 ceftiofur, chloram-
phenicol, trimethoprim/sulphamethoxazoleo] gt
Pseudomonas spp.9 43S 242 8.0%, 14.0%, 20.0%=
v WA WA gebgth E3 MIC, T MICy,ZES Bl
ampicillin (> 64 uL/mL), amoxicillin/clavulanic acid (>
32 uL/mlL), cefoxitin (> 32 pL/mL), sulfisoxazole (> 256
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Antimicrobial resistance profiles by species of Pseudomonas isolates from bovine mastitis milk

No. of isolates (%)

Antimicrobial . .
b Antimicrobials P. aeruginosa P, fluorescens P. putida P. fragi P. chlororaphis
(n=35) (n=7) (n=5) (n=2) (n=1)
Aminoglycosides Gentamicin 4(11.4) 0(0) 1(20.0) 0(0) 0(0)
Streptomycin - - - - -
Aminopenicillin Ampicillin - - - - -
B-lactam/ Amoxicillin/ - - - - -
B-lactamase Clavulanic acid
inhibitor
combinations
Carbapenem Meropenem 0(0) 2 (28.6) 1 (20.0) 0(0) 0(0)
Cephalosporin 111 Ceftazidime 0(0) 2 (28.6) 0(0) 0(0) 0(0)
Ceftiofur 35 (100) 5(71.4) 5(100) 0(0) 1 (100)
Cephalosporin IV Cefepime 0(0) 1(14.3) 0(0) 0(0) 0(0)
Cephamycin Cefoxitin - - - - -
Fluoroquinolone Ciprofloxacin 0(0) 0(0) 1(20.0) 0(0) 0(0)
Folate pathway Sulfisoxazole - - - - -
inhibitors Trimethoprim/ 34 (97.1) 1(14.3) 5(100) 0(0) 0(0)
sulphame-
thoxazole
Phenicols Chloramphenicol 35 (100) 3(42.9) 4 (80.0) 0(0) 1 (100)
Polymyxins Colistin 0(0) 1(14.3) 0 (0) 1 (50.0) 0(0)
Quinolone Nalidixic Acid - - - - -
Tetracyclines Tetracycline - - - - -

Multidrug resistant and antimicrobial resistance patterns of Pseudomonas spp. isolated from bovine mastitis milk

Antimicrobial resistance pattern

Species No. of MDR (%)
Type No. of isolates (%)
P. aeruginosa (n=35) 34(97.1) XNL-CHL 1(2.9)
XNL-CHL-SXT 30 (85.7)
XNL-CHL-GEN-SXT 4 (11.4)
P. fluorescens (n=7) 2 (28.6) Pansusceptible 1(14.3)
COL 1(14.3)
XNL 1(14.3)
XNL-CHL 2 (28.6)
FEP-TAZ-XNL-MERO 1(14.3)
TAZ-XNL-CHL-MERO-SXT 1(14.3)
P. putida (n=5) 4(80.0) XNL-SXT 1 (20.0)
XNL-CHL-SXT 3 (60.0)
XNL-CHL-CIP-GEN-MERO-SXT 1 (20.0)
P fragi (n=2) 0(0) Pansusceptible 1 (50.0)
COL 1 (50.0)
P. chlororaphis (n=1) 0(0) XNL-CHL 1 (100)

MDR, Multidrug resistant (>3 CLSI subclass); FEP, Cefepime; TAZ, Ceftazidime; XNL, Ceftiofur; CHL, Chloramphenicol; CIP,

Ciprofloxacin; COL, Colistin; GEN, Gentamicin; MERO, Meropenem; SXT, Trimethoprim/Sulphamethoxazole.

T, YR, AAEE 24 11070 3004 Qg9 1,023719]
A &Of| A Pseudomonas spp. 5075(4.9%)E S5ttt o

ZHWREE P aeruginosa’t 70.0%%2 714 =2 8|82 AR5}

AL P. fluorescens’t 14.0%%2 1 FE ©|3t}. Pseudomo-
nas spp.ol ZHEE B9 AAEF EEEL2 3005 cells/mL
ujgto] 90.0%Z A tHEEo] A4 FHHEQ Ao Z e}
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Wk AA 25l digt A A/ FA A3 ceftiofur,
chloramphenicol, trimethoprim/sulphamethoxazole®f+
80.0~92.0%= H]n A &2 WA B, cefepime, cipro-
floxacin, ceftazidime, colistin, meropenem, gentamicin
o= 2.0~10.0%% oz e WS Boirt A U
4 e AFER A7t e Ao E Y eH 3o
P. fluorescens®} @8 P. aeruginosa®} P. putida+w -AFSH
FAS HAE AR 07 B AJLo|A P. aeruginosa ©]22
Pseudomonas spp.7t 30.0% 2|10, o]=2] AIA W
JL2 P. aeruginosa®}t BIS=oA Y WA YERTE

B ATE $USFAARNY SUSHAA P2
AQYEAE: 2 39 UAF D FA B4
-0
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